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© Optical fibres. 



© A single mode optical fibre having a circular 
birefringence comprises a cladding (II) surrounding a 
light-guiding central core region (10) which is 
amizuthally inhomogeneous (13, 15). The in- 
homogeneity provides no significant linear birefrin- 
gence, and the core region (10), is twisted to intro- 
duce a corresponding twist to the inhomgeneity. The 
cladding (II) has a radius which is much greater than 
that of the cylindrical envelope (20) parallel to the 
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OPTICAL FIBRES 



This invention relates to. single mode optical 
fibres having circular birefringence. 

A typical optical fibre is made of glass and 
comprises a small-diameter centra) light-guiding 
core surrounded by a cladding of much greater 
diameter, the cladding itself generally being sur- 
rounded in turn by a protective jacket of plastics 
material. A greatly enlarged cross-section of a 
known fibre is shown in figure I, where the core is 
shown at 10 surrounded by the cladding II, the 
whole being protected by a plastics jacket 12. The 
cladding II is usually of very pure silica (silicon 
dioxide) while the core 10 is made of silica doped 
with, for example, germanium. This gives the core 
10 a slightly higher refractive index than the clad- 
ding II, for example 1.460 for the core compared to 
1.458 for the cladding. 

In a single mode fibre the core 10 has a diam- 
eter of typically 2 -5 urn (I urn = I millionth of I 
meter) while the international standard diameter for 
the cladding is 125 urn (l/8th of I mm) although 
fibres may be made with a lesser diameter. 

As is well known, light is propogated along the 
fibre by total internal reflection at the interface 
between the core 10 and the cladding IL 

It has long been attempted to construct a sat- 
isfactory optical fibre which has circular birefrin- 
gence; i.e. the fibre will rotate polarized light propa- 
gating along its axis. Employing the Faraday effect, 
such fibres may be used as a cheap alternative to 
expensive current transformers for current mea- 
surement on the national grid network. Other uses 
are as optical fibre sensors and other optical fibre 
sensors and other optical fibre components (e.g. 
couplers), and in optical fibre communications. 

A measure of the circular birefringence of a 
fibre is the length along the fibre for which a 
complete rotation of polarization through 360 de- 
grees takes place. For a fibre to have much prac- 
tical use this rotation length should be less than 
2000 mm, while rotation lengths of less than 20 
mm are preferred. 

In the past, circular birefringence has been 
introduced into fibres by: 

(i) Twisting the fibre to introduce torsional 
stress. In this case the amount of birefringence is 
limited by the strength of the fibre and rotation 
lengths tend to be greater than 2000 mm. 

(ii) Exploiting the optical rotation which oc- 
curs when light is constrained to follow a helical 
path. Typically the "core", now at or near the 
outside surface of the fibre, is twisted into a helix 
several hundred urn in diameter, so that the fibre 
must have at least this diameter. The result is that 
the fibre does not conform dimensionally to inter- 



national standards. Also, the light emerges from the 
fibre at a pronounced skew angle to the fibre optic 
axis so that the launching and extraction of light is 
not straightforward. 

5 It is an object of the present invention to pro- 

vide a new circularly birefringent optical fibre in 
which the disadvantages of these prior techniques 
are overcome or at least substantially reduced. 
Accordingly, the present invention provides a 

w single mode optical fibre having circular birefrin- 
gence, the fibre comprising a cladding surrounding 
a light-guiding central core which is azimuthaliy 
inhomogeneous, the inhomogeneity providing no 
significant linear birefringence, and the core being 

is twisted to introduce a corresponding twist to the 
inhomogeneity, the cladding having a radius much 
greater than that of the cylindrical envelope parallel 
to the fibre axis which just encloses the twisted 
inhomogeneity. 

so Preferably the radius of the cylindrical enve- 
lope of the twisted inhomogeneity is 10 m or less, 
and the radius of the cladding is at least 3 times, 
and preferably at least 5 times, that of the cylin- 
drical envelope of the twisted inhomogeneity. 

25 In particular, the diameter of the cladding may 
be from 60 to I50 urn, preferably from 100 to ISO 
urn, and most preferably approximately I25 urn to 
conform to international standards. The rotation 
length of the inhomogeneity is preferably 20 urn or 

30 less. 

The inhomogeneity may be provided by at 
least one lobe in the central core having a refrac- 
tive index higher than that of the immediately adja- 
cent material, the twisting of the core causing the 

35 lobe(s) to assume a spiral shape along the fibre. 
There may be a plurality of lobes arranges sym- 
metrically about the longitudinal axis of the fibre. 

Except for the lobe(s), the refractive index of 
the core may be higher, lower or the same as that 

40 of the surrounding cladding, although it is preferred 
for best results that the refractive index of the core 
material immediately adjacent the lobe(s) be less 
than that of the cladding. 

The azimuthaliy inhomogeneous core and the 

45 surrounding cladding may be made of silica, either 
pure or appropriately doped, e.g. with Ge, to pro* 
vide the required refractive indices. Optical fibres 
according to the invention may be manufactured by 
the conventional so-called "rod in tube" technique 

so wherein a pre-form is assembled using multiple 
rods, followed by heat softening and drawing and 
twisting. Suitable pre-forms may also be made 
using gas phase etching techniques. Wh re the 
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Application of th fibre is magnetic field sensing 
based on the Faraday Effect, the core may- be 
doped with Pb or Nd to enhance th Faraday 
Effect. 

It will be appreciated that in the present inven- 
tion the azimuthally inhomogeneous central core 
may be physically delimited or notionally delimited. 
The core is physically delimited when the material 
thereof immediately adjacent the lobe(s) differs in 
refractive index from the cladding. 

However, when, except for the lobe(s), the core 
is of the same material and has the same refractive 
index as the surrounding cladding, it is effectively 
defined by. and is to be regarded for the purposes 
of the present specification as, the aforesaid cylin- 
drical envelope parallel to the fibre axis which just 
encloses the twisted inhomogeneity, e.g. the spiral 
lobe(s). In both cases, however, the geometrical 
extent of the core is defined. 

Embodiments of the present invention will now 
be described, by way of example, with reference to 
the accompanying drawings, wherein: 

Figure I. previously described, is a greatly 
enlarged cross-sectional view of a conventional op- 
tical fibre. 

Rgure 2a shows a similarly enlarged cross- 
sectional view of an optical fibre according to a first 
embodiment of the invention, and Rgure 2b shows 
a yet further enlarged view of the core of the fibre 
shown in Rgure 2a, 

Rgures 3 to 6 are views to the same scale 
as Rgure 2b of the cores of four further embodi- 
ments of optical fibres according to the invention, 
and 

Rgure 7 is a graph useful in explaining the 
invention. 

The present invention exploits the fact that the 
twisting of an optically anisotropic medium (a me- 
dium which has different refractive indices for dif- 
ferent directions of polarisation) along the direction 
of light propagation can result in a rotation of 
polarization at a rate equal to the twist rate -see P 
Mclntyre & A W Snyder, "Light propagation in 
twisted anisotropic media: Application to 
photoreceptor". Journal of the Optical Society of 
America, Vol. 68, No. 2, pp. 149-157, 1978. 

A crucial step in introducing this effect into an 
optical fibre is the realisation that if the core of the 
fibre is made azimuthally inhomogeneous (he. the 
refractive index varies with angle measured about 
the axis) then a circular birefringence can be intro- 
duced when such a structure is twisted about the 
longitudinal axis of the fibre. 



In order to introduce substantially pure circular 
birefringence (i. . with no significant linear birefrin- 
gence) it is necessary to have certain symm tries 
within the core. This is best illustrated with refer- 

5 ence to th embodiments of the invention, now to 
be described. 

Referring to Rgures 2a and 2b, the optical fibre 
there shown in cross-section has a central core 10 
surrounded by a cladding II (no jacket is shown). 

10 The core I0 has a radius of 10 urn or less, and the 
diameter of the cladding may be from I00 to 150 
um and is preferably about 125 urn to conform to 
international standards. These same dimensions 
apply to all the examples of the invention to be 

15 described. The reason for showing the periphery 
20 of the core 10 as the dashed line in this and the 
following figures will be discussed below. 

The core 10 comprises four segments or lobes 
13 symmetrically disposed about the centre axis 14 

20 of the core. The lobes 13 are shaded to illustrate 
that they have a refractive index slightly higher 
than both the immediately adjacent core material 15 
and the cladding II. 

The core 10 shown in Rgure 3 is similar to that 

25 of Rgure 2, in that it has a number of segments or 
lobes 16 symmetrically disposed about the centre 
axis 14 of the core. However, here they are eight in 
number. 

In these two examples it is assumed that the 

30 shaded lobes 13 or 16 of higher refractive index are 
optically coupled, in which case it is necessary, in 
order to eliminate linear birefringence, that the 
overall core structure have at least two equal mirror 
symmetries at right angles to each other. 

35 However, if the lobes were optically isolated 
from each other (uncoupled), then it would be 
sufficient for each lobe itself to have at least two 
equal mirror symmetries at right angles to each 
other, irrespective of any symmetry in the overall 

40 structure. This is true of the core shown in Rgure 4 
which comprises four circular lobes 17 symmetri- 
cally disposed about the axis 14 of the core 10. 

Since, in a mufti-lobed structure such as that 
shown in Rgure 4 where the lobes are optically 

45 isolated, each lobe will in itself cause optical rota- 
tion, a single lobe with at least two equal mirror 
symmetries at right angles to each other will also 
provide optical rotation. An example of such a 
structure is shown in Rgure 5, wherein a single * 

so circular lobe 18 is provided offset from the axis 14 of 
the core K). 

A further example of a core suitable for the . 
invention is shown in Rgure 6. In this case the core 
10 is generally square with each comer lobe 19 
55 comprising a material of high r refractiv index 
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than the rest of the core material 15. In this case it 
is assumed that the lobes 19 are optically coupled, 
so the overall structure has two equal mirror sym- 
metries at right .angl s to each other. 

Those skilled, in the art will recognise that the 
symmetry conditions discussed above may be 
generalised by stating that so-called "Cos2d Sym- 
metry* must not be present in the overall core 
structure where there are muitiple lobes optically 
coupled together, nor must it be present in individ- 
ual lobe(s) if these are uncoupled. 

In the above examples the lobes or areas of 
higher refractive index were offset to one side of 
the axis of the core. This is not necessarily the 
case for single lobe cores provided that Cos26 
symmetry is avoided and, of course, the core is 
azimuthally inhomogeneous. 

It is to be understood that in the above exam- 
ples the core is twisted at a uniform rate during the 
formation of the optical fibre from the pre-form, so 
that the iobe(s) assume a spiral shape along the 
fibre. The technology for doing this is known. The 
cylindrical envelope parallel to the axis of the fibre 
which just touches (or in other words just contains) 
the outer edges of the spiral-shaped lobe(s) is 
shown in cross-section as a dashed circle 20 in 
each of Rgures 2b to 6. Where the core materia! 15 
is not the same as the material of the cladding II, 
the dashed circle 20 represents a real physical 
boundary. 

However, where the cladding I! and the core 
material 15 is the same, the boundry is notional. It 
is the radius of the circle 20, whether coincident 
with a real physical boundary or being a notional 
boundary, which is important for the invention. As 
mentioned above, this radius should be much less 
than that of the cladding II, and preferably less than 
10 urn. It is to be noted that in Figure 6 the circle 
20 can never represent a real physical boundary. 

A theoretical analysis shows that the optical 
rotation induced by fibres according to the inven- 
tion is given by the twist rate only under certain 
conditions. For a given refractive index difference 
between a lobe and the adjacent core material 
there is a maximum allowable twist rate and an 
optimum envelope radius. 

Figure 7 is a graph showing the maximum 
obtainable twist rate in turns (T) per mm as a 
function of the iobed-core (envelope) radius in um 
and the refractive index difference between the 
lobe(s) and the surrounding core region material 
expressed as a fraction. In general it will be seen 
that higher twist rates require a larger refractive 
index difference and/or a smaller radius. It should 
be made clear that Figure 7 is obtained by theoreti- 



cal analysis, and is not to be interpreted strictly. 
However, we have found that it does give guidance 
as to the gen ral level of performance obtainable 
by use of the invention. 

5 For example, the graph indicates that particu- 

larly high twist rates (and corresponding rotation 
lengths) are obtainable for a radius of 10 um or 
less, particularly at the larger refractive index differ- 
ences, and even the lowest curve indicates that a 

w twist rate of about one full turn in 10 mm is obtain- 
able at a radius of 10 um. We have verified this in 
general terms. For example, one specific example 
of an optical fibre having a core of the kind shown 
in Figure 5, but with the core area 15 being the 

75 same material as the surrounding cladding, had the 
following characteristics: 
Radius of core 10: 10 um 

Relative refractive index difference bewteen lobe I8 
and core area 15 (and cladding): 0.007 

20 Diameter of cladding: HO um 
Twist Rate: II6 turns/meter 
Rotation length obtained: 8.6 mm. 

This rotation length is much less than the pre- 
ferred upper limit of 20 mm referred to in the 

25 introduction. The fact that such good rotation 
lengths are obtainable at such a small core radius - 
(<I0 um) means that fibres according to the inven- 
tion may be made to conform to international stan- 
dards, which is important for their widespread ac- 

30 ceptability. 

Further advantages are that since the fibre may 
have the dimensions of standard single mode fi- 
bres: (a) the launching and extraction of light is 
straightforward, (b) standard tools and handling 

35 procedures can be used, (c) the splicing of fibres is 
straightforward, and (d) the loss and bend birefrin- 
gence are minimal. Also, the fibres are simple and 
cheap to manufacture since they may use standard 
techniques. 

40 

Claims 

I. A single mode optical fibre having circular 
45 birefringence, the fibre comprising a cladding (II) 
characterised in that the central core region is 
azimuthally inhomogeneous (I3.I5) the in- 
homogeneity providing no significant linear birefrin- 
gence, and the core region (10) being twisted to 
so introduce a corresponding twist to the in- 
homogeneity, the cladding (II) having a radius 
much greater than that of the cylindrical envelope - 
(20) parallel to the fibre axis which just encloses 
the twisted in homogeneity. 
55 2. An optical fibre according to claim I, wherein 
the radius of the cylindrical envelope (20) of the 
twisted inhomogeneity is 10 um or less. 
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3. An optical fibre according to claim I or 2, 
wherein the radius of th cladding (II) is at least 3 
times, and preferably at least 5 times, that of the 
cylindrical envelope (20) of the twisted in- 
homogeneity. 

4. An optical fibre according to claim I, 2 or 3, 
wherein the diameter of the cladding is from 60 to 
150 urn, and preferably from 100 urn to 150 urn. 

5. An optical fibre according to claim 4, 
wherein the diameter of the cladding is approxi- 
mately 125 urn. 

6. An optical fibre according to any preceding 
claim, wherein the rotation length introduced by the 
inhomogeneity is 20 mm or less. 

7. An optical fibre according to any preceding 
claim, wherin the inhomogeneity is provided by at 
least one lobe (13) in the central core region having 
a refractive index higher than that of the imme- 
diately adjacent material (15), the twisting of the 
core region causing the lobe(s) (13) to assume a 
spiral shape along the fibre. 

8. An optical fibre according to claim 7, includ- 
ing a plurality of lobes (17) arranged symmetrically 
about the lonitudinal axis (14) of the said cylindrical 
envelope (20). 
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